The analytic network process (ANP) is a relatively new multi-criteria decision-making (MCDM) method which can be used to solve supplier selection problem. Because there are different degrees of influence among the criteria, using ANP average method (equal cluster-weighted) to obtain the weighted supermatrix may be inexact. This paper uses an effective solution based on a combined ANP and the decision-making trial and evaluation laboratory (DEMATEL) approach to help food companies that need to select the best food supplier. This paper surveyed the multi-criteria supplier selection approaches, revealing the most popular criteria and sub-criteria, then designed DEMATEL questionnaires and surveyed managers of purchasing departments. According to the managers' suggestion, an integrated method which combines DEMATEL and ANP could be used to analyze and compute the causal relationships and relative importance weights of the criteria of a system. Finally, a case study was used to demonstrate that the proposed method is more suitable and reasonable than the traditional analytic hierarchy process (AHP) method.
INTRODUCTION
In the globalization process, information is accessed faster, markets become closer (Albayrak and Gunes, 2010) and this drives firms to search continuously for outsourcing. In today's context of fast changing and dynamic economy and dominance of global supply chain systems (Hamisi, 2011) , the decision-making process for procurement behavior should include four functions: (1) Procedural control, (2) positive and focus on sourcing, (3) analysis of the use of technology, (4) information search (Bunn, 1994) . Thus, the analysis technology of supplier selection is very important. Suppliers have varied strengths and weaknesses, in order to select the best one, it is necessary to make a trade-off between these *Corresponding author. E-mail: richard.shen@wowprime.com. tangible and intangible criteria some of which may conflict (Ghodsypour and O'Brien, 1998) , so supplier selection problem like multiple criteria decision-making (MCDM) problem which is affected by several conflicting criteria. Over the years, several techniques have been developed to solve the MCDM problem for supplier selection efficiently, such as the analytic hierarchy process (Chan et al., 2007; Ghodsypour and O'Brien, 1998; Handfield et al., 2002; Levary, 2008; Liu and Hai, 2005; Tahriri et al., 2008; Tam and Tummala, 2001) , analytic network process (Lin et al., 2010; Sarkis and Talluri, 2002; Shyur and Shih, 2006) , linear programming (Ng, 2008; Talluri and Narasimhan, 2005) , multi-objective programming (Wadhwa and Ravindran, 2007) , hybrid model using data envelopment analysis and neural networks (Wu, 2009) , genetic algorithm (Ding et al., 2005; Wang and Che, 2007) and fuzzy set theory (Amid et al., 2006; Guneri et al., 2009) methods have been applied in literature.
Several techniques have been developed to solve supplier selection problem, and all techniques have to use "criteria" and "sub-criteria" to performance supplier rating. In the supplier selection process, first we have to identify the critical success factors for supplier selection. The critical success factors will form the basis for identifying important criteria and sub-criteria for supplier selection. These factors will then be used to performance supplier rating. Secondly, we have to select a technique to solve the MCDM problem for supplier selection. Many MCDM techniques are based on the additive concept along with the independence assumption, but each individual criterion is not always completely independent . For solving the interactions among elements, the analytic network process (ANP) was proposed by Saaty. This technique is a mathematical theory that can solve with all kinds of dependence systematically, but it does not work completely and perfectly. Because using ANP to solve MCDM problems have different influence levels among criteria based on network relationship map (NRM). If we do not ponder the causal relationship, and utilize the average method to calculate the final global priorities, the results of the assessed weights would be higher or lower than the real situation (Ou Yang et al., 2008) . Decision-making trial and evaluation laboratory (DEMATEL) is introduced, it is a powerful technique which can convert the relationship between cause and effect criteria into an intelligible structural model of the system, and propose the most important criteria which affects other criteria (Lin et al., 2011) . This technique will allow the decision-makers to acknowledge the criteria of greater influence (Lin and Wu, 2008) .
As the ANP and the DEMATEL have these advantages, this paper proposes an effective solution based on a combined ANP and DEMATEL approach to help companies that need to select the best supplier. An integrated MCDM technique combined DEMATEL and ANP methods can overcome the problem of interdependence and feedback between criteria and alternatives. Also, an empirical study about "foods supplier selection for WangGroup" is presented to illustrate the application of the proposed method.
LITERATURE REVIEW

Supplier selection criteria literature research
In the supplier selection process, identify the critical success criteria will form the basis for identifying important criteria and sub-criteria. These criteria will then be used to performance supplier rating. Supplier selection criteria refer a study from our pre-research. The study summarized all criteria of the international journal articles, and counted the frequency which be selected of each criteria. According the result of the frequency which be selected for each criteria, we discover the most popular criteria and sub-criteria considered by the decision makers for evaluating and selecting the most appropriate supplier. The most popular criteria and subcriteria are shown in Table 1 .
The analytic network process (ANP) method
Analytic hierarchy process (AHP) and ANP are the two most important and popularly used MCDM methods. The ANP is a generic form of the AHP which allows for more complex interdependence relationships among different elements. It is also known as a system with feedback approach. The advantages of the ANP are that it is not only appropriate for both quantitative and qualitative data types, but also, it can overcome the problem of interdependence and feedback amongst criteria. Some of the most recent applications of ANP to supplier selection problems have been as follows: electronics company (Gencer and Gurpinar, 2007) , green supply chain management (Hsu and Hu, 2009 ), electronic components manufacturer (Lee et al., 2009 ), non-traditional machining processes (Das and Chakraborty, 2011) , sustainable supply chain (Büyüközkan and Berkol, 2011) , customer relationship management (Öztaysi et al., 2011) .
Decision making trial and evaluation laboratory (DEMATEL) method
The DEMATEL method has been developed initially to study the structural relations in a complex system (Liou et al., 2008; . It has been proven as a useful method to solve complicated problems. DEMATEL is based on digraphs, which can separate involved criteria into cause group and effect group. Digraphs can demonstrate the directed relationships of sub-systems. In addition, the digraph portrays a basic concept of contextual relation among the elements of the system, in which the numeral represents the strength of influence. Hence, The DEMATEL can convert the relationship between cause and effect criteria into an intelligible structural model of the system. The DEMATEL can propose the most important criteria which affects other criteria.
Integrated method
In this study, food supplier selection problem is presented to illustrate the application of the DEMATEL and ANP for proposing the most important criteria which affects other criteria and the weight of each criterion.
In order to do so, firstly, this paper surveys that the multi-criteria supplier selection approaches through a literature review and classification of the international journal articles, revealed the most popular construct and criteria; secondly, according to the most popular criteria to design DEMATEL questionnaire. Thirdly, the managers of Wang Group purchasing department were summoned and surveyed. Then, using an integrated method combined with DEMATEL and ANP to analyze and compute the managers' answer. The result will represent supplier performance to find key factor criteria to improve performance, and propose the most important criteria which affects other criteria and the weight of each criterion. The flow chart for the research is as shown in Figure 1 . An integrated method combined with DEMATEL and ANP is developed. The procedures that are used in the proposed method are described as follows (Yang and Tzeng, 2011) .
The decision making trial and evaluation laboratory (DEMATEL) process
The total-influence matrix T can be derived by running from DEMATEL method step 1 to step 4. Next, based on the threshold value p (step 5), we can filter the minor effects in the elements of matrix T. The values of elements in matrix T are zero if their values less than p. That is, there are lower influences with other criteria when their values are less than p. Thus, a new total-influence matrix Tp can be obtained.
The DEMATEL method construction process is described subsequently (Fontela and Gabus, 1976; :
Step 1. Generating the direct-relation matrix 
Where H is the total number of experts.
Step 2. Normalizing the direct-relation matrix On the base of the direct-relation matrix A, the normalized direct-relation matrix X (Equation 2) can be obtained through equation:
Step 3. Attaining the total-influence matrix Once the normalizeddirect-relation matrix X is obtained, the total-influence matrixT can be acquired by using Equation 4, in which the I is denoted as the identity matrix:
Step 4. Producing a causal diagram.
The sum of rows and the sum of columns are separately denoted as vector r and vector c through Equation 5 to 7. Then, the horizontal axis vector (r + c) named ''Prominence'' is made by adding r to c, which reveals how much importance the criterion has. Similarly, the vertical axis (r-c) named ''Relation'' is made by subtracting r from c. Step 5. Setting a threshold value and obtaining thetotalinfluence matrixTp.
In order to explain the structural relation amongst criteriawhile keeping the complexity of the whole system at amanageable level, it is necessary to set a threshold valuep to filter out negligible effects in matrix T. Only the criteria whose effect in matrix T is greater than the threshold value will be shown in an inner dependence matrix. In this step, the threshold value p has been chosen by the experts andthe results of the literature review. The values of elements in matrix T are zero if their values less than p. That is, there are lower influences with other criteria when their values are less than p. Thus, a new total-influence matrix Tp can be obtained.
The analytic network process (ANP) process
In this section, integrated MCDM method convert the total-influence matrix of the DEMATEL into the supermatrix of the ANP.
The total-influence matrix T p has been determined according to the DEMATEL method result. Because the influence degrees between criteria in the total-influence matrix T p are different, all criteria of the total-influence matrix T p should be normalized. 
EMPIRICAL STUDY ANALYSIS
Research description
Wang Group is the largest food group in Taiwan. The purchasing department managers the procurement-related matters for group. We survey managers of Wang Group purchasing department. According the experts' professional advice, using DEMATEL method to compute the causal relationship and strength among supplier selection criteria. Because these managers have high representative, the analysis result will be reliable.
According to supplier selection criteria literature research, this study defines the most popular 6 criteria and 18 sub-criteria, using DEMATEL and ANP to explore the causal relationship and relative importance weights of these criteria. In addition, we refer the DEMATEL measurement method to design DEMATEL questionnaire, the comparison scale to be constructed according to the following four influential levels: No influence (0), low influence (1), medium influence (2), high influence (3), and very high influence (4). In pre-testing, the experts of Wang Group purchasing department check this framework and accept the criteria. In addition, experts suggest the criteria technological have to add a new sub-criterion green supply chain. The finalized criteria are shown in Table 2 .
Determining the network relationships among criteria
The aim of the phase is to determine the network relationships among criteria which influence each other. This questionnaire was developed based on the pairwise comparison, in which each question consisted of a pairwise comparison of two criteria. For each pairwise comparison, the experts have to determine the intensity of the impact degree between two criteria. At first, the average initial direct matrix A is obtained based on Equation 1. By using Equations 2 and 3, the normalized initial direct-relation matrix X is calculated. Sequentially, the total relation matrix T is also derived utilizing Equation 4 shown in Table 3 . Total sum of effects given and received by each criterion is seen in Table 4 using Equations 6 and 7. To obtain an appropriate NRM, a threshold value of 0.16 was chosen by interquartile range. Thus the NRM of DEMATEL method result was obtained and shown in Figure 2 .
Calculating the weights of criteria
From Table 3 , we know the degrees of influence of criteria are different with each other. The cluster-weighted super matrix that was obtained by using traditional average method (equal cluster-weighted) in ANP is irrational. Therefore, the normalized matrix Tz, which is obtained influential cluster-weighted by DEMATEL method results, is combined to the procedure of the ANP method in this study. At first, the total influence matrix is normalized byusing Equation 9. Furthermore, the weighted supermatrix W such as Equation 10 can be calculated by transposing the normalized total-influence matrix Tp. By calculating the limiting power of the influential clusterweighted Super-matrix, Equation 11 is applied until a steady-state condition has been achieved. To further compare the difference of traditional ANP method and our proposed method, we calculate the limiting super-matrix with traditional average method, and the influential clusterweighted super-matrix is derived. Finally, the weights of each sub-criterion can be obtained.
DISCUSSION
Based on the aforementioned results 3, those criteria had some interrelations with each other. The direct/indirect influential relationship of criteria was figured out by using the DEMATEL method. According to the impact-direction map (Figure 3) , we can obtain valuable cues for making accurate decisions. At first, we know the influence degrees among criteria are different based on the impactdirection map. Since decision-maker can find the key criterion for improving the performances of supplier. It is clear for a purchase department to find the causal relationships. For example, if the case company wanted to improve the effectiveness of a specific criterion [for example, Service (C 4 )], it would possible be necessary to pay greatly attention to the delivery (C 2 ), quality (C 3 ) and company image (C 6 ) criteria. This is because the three criteria are the influencing criteria, whereas the Service criterion is the influenced criterion. In addition, from the impact-direction map (Figure 2) , we know the quality (C 3 ) is the most important and the most influencing criterion because it has the highest intensity of relationship to other criteria. Thus, it can be regarded as the critical criterion for evaluating and improving the appropriate vendor.
The ranking results of weights of sub-criteria between the traditional average method and the DEMATEL method which normalizing the unweighed super-matrix can be obtained as shown in Figure 4 . In Figure 4 , the sub-criteria of cost, delivery and quality in the traditional average method are lower than the proposed method, but the sub-criteria of service and technological in the traditional average method are higher than the proposed method. Take quality criterion for example, we can find the criterion affected by cost criterion which is 0.2 and cost criterion affected by Quality criterion which is 0.24 (Table 3) . Obviously, cost is affected by quality criterion more than quality criterion is affected by cost criterion. It represents that influence degree of quality criterion is more than that of cost criterion. The result implies that quality criterion is the central criterion for evaluating the appropriate vendor.
In addition, the results show that the evaluators are most concerned about the price performance when selecting the appropriate vendor, which is consistent with the results found in a real purchase project. From Figure 4 , it can also be seen that the sub-criteria of quality criterion are underestimated, whereas the sub-criteria of cost criterion are overestimated by applying the traditional average method.
Conclusions
The ANP method is used to overcome the problems of dependence and feedback among criteria, but in the ANP method uses an average method which normalizes the cluster-weighted super-matrix. The results ignored the different influence degrees among criteria. Thus, the hybrid model of the ANP and DEMATEL has been developed and widely used in various fields. The proposed method adopts the normalized matrix, which is obtained by the DEMATEL method, to transform the unweighted super-matrix to a weighted super-matrix. The novel combined model is more suitable than the traditional method to solve problems with different degrees of effects among clusters. We also compared the weights of each element between the traditional hybrid method and our proposed method to illustrate the effectiveness and feasibility of the proposed method to suit real-world applications.
